INTRODUCTION
The ability of thermosensitive water-soluble polymers to reversibly change their chain conformation and phase state in response to slight variations in temperature defined an important place of these compounds among "smart" polymers [1] [2] [3] [4] [5] . Thermo-induced conformational and phase transitions in polymer chains and gels make it possible to reversibly change the affinity of these polymers for amphiphilic biological ligands, for example, peptides and proteins. Controlled protein adsorption on thermosensitive polymers has been intensively studied. This phenomenon underlies novel methods of biological separation [4, [6] [7] [8] , affine precipitation of enzymes [9] [10] [11] [12] [13] , targeted delivery of therapeutic proteins [5, 14] , etc. Being incorporated into the structure of a thermosensitive polymer, functional groups capable of interaction with specified binding sites of a protein molecule can provide a highly efficient and selective binding of protein ligands [1, 11, 13, 15, 16] .
When thermosensitive polymers are used for biological separation of enzymes, the key tasks are to ensure the catalytic function of a bound enzyme and to preserve the ability of a polymeric matrix to undergo conformational or phase transitions upon heating within the physiological temperature interval. These problems are nontrivial. First, the binding of a protein with an extended matrix may be accompanied by a decrease in its conformational stability [17] . Second, a difficulty may result from the fact that, when charged sites are incorporated into chains of a thermosensitive polymer, its precipitation temperature markedly increases [18] . Moreover, it may approach the denaturation temperature of the bound enzyme, thus enhancing the risk of its inactivation.
Hence, for enzymes to be efficiently separated with the use of thermosensitive polymers, the conformational state of a bound enzyme and the thermosensitive properties of a polymeric matrix should be thoroughly controlled. Despite extensive studies of protein adsorption on thermosensitive polymers, virtually no data is available on the conformational state of proteins bound to polymeric matrices. The data concerning this problem are scarce and were obtained for the most part by indirect methods [19] [20] [21] [22] .
We studied the complexation of a small globular protein (lysozyme of hen's eggs) with a thermosensitive copolymer, N -isopropylacrylamide (NIPA)-cosodium styrene sulfonate (SSS), by high-sensitivity DSC [23] . Calorimetry data testify that complexation Abstract -The interaction of a small globular protein, lysozyme, with a thermosensitive N-isopropylacrylamide-sodium styrene sulfonate copolymer at pH 4.6 was studied by high-sensitivity differential scanning calorimetry. It was shown that, under these conditions, the copolymer and the protein are involved in formation of polyelectrolyte complexes. It was demonstrated that complexation affects the conformational state of lysozyme. One heat capacity peak attributed to protein denaturation or two well-resolved peaks related to denaturation of free and bound proteins were observed in the DSC curves depending on the mixture composition. For both forms of lysozyme, denaturation parameters (temperature and enthalpy) were determined as a function of mixture composition. For mixtures with low lysozyme contents, the above parameters of bound protein denaturation were independent of the mixture composition. At higher protein contents, these parameters increased with a rise in the protein content. The binding isotherm for the protein with the copolymer was obtained from calorimetric data at 64 ± 1 ° C. 
STRUCTURE, PROPERTIES
leads to changes in both the conformational stability of the enzyme and the phase transition of the copolymer.
EXPERIMENTAL
The NIPA-SSS copolymer was prepared by freeradical polymerization. Potassium persulfate was used as an initiator. The reaction was performed in deionized water at 70 ° C for 24 h. After the reaction was completed, the intact monomers and low-molecular-mass products were removed by dialyzing the reaction mixture for 4 days against deionized water through a semipermeable membrane with a permeability limit relative to the molecular mass M = 1.4 × 10 4 . After dialysis, the copolymer was concentrated with a rotary evaporator and lyophilized at 40 ° C for 72 h. The molecular mass of the copolymer was estimated by light scattering in a NaCl solution. The chemical composition of the copolymer was assessed by NMR spectroscopy.
Copolymer-protein mixtures were prepared from reserve solutions in an acetate buffer (10 mmol/l) at pH 4.6. The reserve copolymer solution was prepared by dissolving a dry weighed portion of the polymer in the buffer. The copolymer concentration in the reserve solution was determined by weight. The reserve protein solution was prepared by dialyzing against the acetate buffer for 24 h at 4 ° C. The protein concentration in the reserve solution was estimated by measuring absorbance at 280 nm and the extinction coefficient E 1cm = 2.65 ml/mg [24] . The composition of mixtures was varied by changing the concentration of lysozyme, while the concentration of the copolymer was kept constant and equal to 2 mg/ml. Calorimetric experiments were carried out with DASM-4 and DASM-4A differential adiabatic scanning microcalorimeters (NPO Biopribor, Pushchino) over the temperature range 10-130 ° C. Measurements were made at an excess pressure of 2.5 atm and a heating rate of 1 K/min. The primary processing of DSC curves was performed using the WSCAL software package (Institute of Protein Research, Russian Academy of Sciences, Pushchino). Temperature dependences of partial heat capacity were transformed into functions of transition excess heat capacity using the NAIRTA software package (Emanuel Institute of Biochemical Physics, Russian Academy of Sciences, Moscow). The phase transition temperature of the copolymer T t and the temperature of protein denaturation T d were read as the temperature at maxima in corresponding excess heat capacity curves. Enthalpies of copolymer phase transition ∆ t h and protein denaturation ∆ d h were evaluated by integration of corresponding excess heat capacity curves. In this case, the base line in the transition region was obtained by spline interpolation. The width of copolymer phase transition ∆ t T was calculated as the width of the excess heat capacity peak corresponding to its half-height.
The excess heat capacity curves for the bound and free protein were deconvoluted using the TableCurve 2D v.5.01 software package (SYSTAT Software Inc.). The deconvolution was carried out under the assumption that the profiles of transitions for the free and bound proteins are approximated by the Pearson function:
where A 1 is the maximum ordinate of the heat capacity peak, A 2 is the temperature corresponding to the peak maximum, A 3 is the peak half-width, and A 4 and A 5 are the symmetry parameters of the peak. The denaturation profile of lysozyme complexed with the copolymer was approximated by the sum , where and are the excess heat capacity functions for the bound and free proteins, respectively, and is the fraction of the bound protein. To approximate the denaturation transition of the free protein in mixtures, parameters A 1, A 3, A 4 , and A 5 of the function were determined from the experimental profile of lysozyme denaturation in the background buffer. Parameter A 2 , that is, the denaturation temperature of the free protein in a copolymer-protein mixture, was an adjusting parameter. To approximate the denaturation transition of the complexed protein, parameters A 1, A 2, A 3, A 4 , and A 5 of the function served as adjusting parameters.
The optical density was measured with a Genesys 2 spectrophotometer (ThermoSpectronic, USA). Mixtures with a copolymer concentration of 0.2 mg/ml were used for turbidimetric measurements. The turbidity of the system was determined at a wavelength of 436 nm.
RESULTS AND DISCUSSION

Effect of Complexation on Copolymer Phase Transition
According to light scattering data, the molecular mass of the NIPA-SSS copolymer was 2.45 × 10 5 . As estimated by NMR spectroscopy, the content of charged SSS monomer units in the copolymer was 16.8 mol %. The low critical solution temperature (LCST) for the copolymer in an aqueous solution was estimated as 34.6 ° C.
Calorimetric data were obtained for lysozymecopolymer mixtures of different compositions at pH 4.6. At this pH value, the protein and the polymer were oppositely charged. Either the protein-to-copolymer mass concentration ratio r = 
